Correct wiring of brain circuitry during development involves the selective formation and retention of synaptic connections between neurons. In this issue of Neuron, Lohmann and Bonhoeffer show that dendritic filopodia can distinguish among prospective presynaptic axonal targets during development. Contact with the appropriate target triggers local calcium signals that stabilize the filopodia and tell them to form mature synapses.
It has long been known that synapse formation involves movement of both future presynaptic axons and postsynaptic dendrites, particularly movement of dendritic filopodia (Ziv and Smith, 1996; Jontes and Smith, 2000; Lohmann et al., 2002) . This reciprocal movement leads to physical contact between the two cells, which can yield mature synaptic connections if these contacts are stabilized and subsequently converted into synaptic structures. It is not known how, during this developmental dance, the correct targets are identified among many other neighboring cells that potentially could serve as alternative targets. The paper by Christian Lohmann and Tobias Bonhoeffer in this issue of Neuron (Lohmann and Bonhoeffer, 2008) provides new insights into how targets are identified and how synaptic contacts between these cells are subsequently stabilized.
The experiments described in this paper used dynamic fluorescent imaging of multiple neurons in cultured hippocampal slices to watch how dendritic filopodia form contacts with axons. Presynaptic axons were labeled by a green calcium indicator dye or by GFP-labeled GAD65 or synaptophysin, while individual postsynaptic CA3 pyramidal cells were labeled by injecting a red dye. With this approach, dendritic filopodia could be observed to elongate and retract until they met with their axonal counterparts. Surprisingly, most of these initial contacts with axons were very transient, with a median life span of only 74 s. But a small fraction of the contacts were persistent, with some lasting longer than the 90 min observation period. These long-lived contacts presumably are the ones that go on to form enduring synapses, though this point deserves further experimental scrutiny.
To find out what goes into deciding whether a dendritic filopodium makes a stable contact with a given presynaptic axon, the experimental procedures were repeated by making slices from mice in which approximately half of the GABAergic axons were labeled with GFP-tagged GAD65. Remarkably, dendritic filopodia never formed stable contacts with the fluorescent GABAergic axons. Given that filopodia are precursors to dendritic spines (Ziv and Smith, 1996) , this observation fits with the well-known fact that spines of adult neurons form synapses exclusively with glutamatergic presynaptic axons. Thus, it seems likely that signaling molecules on the presynaptic axon help determine whether the contact of filopodia with axons is transient or stable. It would be interesting to repeat such measurements with a label that identifies glutamatergic axons to determine whether such axons attract stable contacts, as predicted.
How does contact with an appropriate target lead to stabilization of the postsynaptic filopodium? Changes in intracellular calcium concentration ([Ca 2+ ] i ) are known to regulate the motility of many cellular structures, including the axonal growth cones (Rehder and Kater, 1992; Gomez et al., 2001) The significance of this work is that it identifies a new form of cell-cell interaction that participates in the earliest stages of synapse formation and serves to signal contact with appropriate target axons. The molecular basis of this signaling pathway remains to be determined; adhesion molecules, such as integrins, NCAM, and L1, are logical candidates because they are known to affect both Ca 2+ signaling (Coppolino et al., 1997) and filopodial motility (Shi and Ethell, 2006) . Assuming that the local filopodial Ca 2+ signals stabilize future synaptic contacts, it also will be fascinating to determine how these signals trigger the molecular rearrangements that convert a filopodium into a mature postsynaptic structure.
